Context: Balance training is widely used by rehabilitation professionals and has been shown to be effective at reducing risk of injury, as well as improving function after injury. However, objective evidence for the difficulty of commonly available equipment is lacking. Objective: To assess center-of-pressure (COP) area and average sway velocity in healthy subjects while performing a single-limb stance on 4 commonly available rehabilitation devices to determine their level of difficulty. Design: Single-session, randomized, repeated-measures design to assess COP area and average sway velocity while performing a single-limb stance on 4 devices positioned on a force platform. Setting: University laboratory. Subjects: A convenience sample of 57 healthy college-age subjects. Intervention: Each participant balanced on the dominant limb in a nonshod single-limb stance with eyes open for 20 s during 4 conditions. The 4 conditions were randomized and included the Both Sides Up (BOSU) trainer, Airex balance pad, half-foam roller, and DynaDisc. Main Outcome Measure: Means and standard deviations were calculated for maximum displacement in each direction. In addition, the means and standard deviations for COP area and average sway velocity were calculated for the 4 conditions and compared using a 1-way repeated-measure ANOVA. Results: Significant differences were found for both COP area and average sway velocity between the BOSU trainer and the other 3 devices. A significant difference was also found between the DynaDisc and the half-foam roller. Conclusions: Level of difficulty, as measured by COP area and average sway velocity, is different for commonly available rehabilitation equipment. Clinicians may find these results a useful guide when progressing patients through balance training.
Neuromuscular control is a complex body system that is essential for proper movement strategies. Proprioceptive information such as kinesthesia and joint-position sense from mechanoreceptors provides the body with evidence relative to joint displacement. A complex reflex response provides increases in muscle stiffness to resist displacement and maintain postural and joint stability. 1, 2 Balance training is a commonly used neuromuscularcontrol technique for improving function 3, 4 and reducing injury risk in athletic populations. [5] [6] [7] [8] [9] [10] [11] Balance training that incorporates various types of equipment can provide motivation for the patient while also offering a progressive overload to the body. Freeman et al 12 first proposed that balance and coordination activities could decrease proprioceptive deficits at the ankle by reeducating the normal mechanoreceptor pathways in the body. Adding equipment to a balance-training program increases instability and creates more abrupt changes to the body's center of gravity. Progressive training will gradually increase the instability, allowing the body to respond with a coordinated neuromuscular response.
Rehabilitation professionals often incorporate equipment such as the Both Sides Up (BOSU) trainer, Airex balance pad, half-foam roller, and DynaDisc into the rehabilitation program to further challenge a patient's neuromuscular system. Often intuition, previous experience, or trial and error dictate how a clinician will progress a patient. Although balance training has become an accepted practice in lower extremity rehabilitation programs and previous research has examined the effectiveness of balance training, 3 no recommendations have been made for the progression using unstable surfaces, as well as the level of difficulty. Therefore, the purpose of this study was to quantify the level of difficulty of the BOSU trainer, Airex Balance-pad, half-foam roller, and DynaDisc during a single-leg stance in healthy subjects. We hypothesized that the devices would provide varying levels of difficulty and believed that the BOSU trainer would prove to be the most challenging device for static balance.
Methods
A single-session, repeated-measures design was used to compare subjects' center of pressure (COP) on the pieces of equipment. The independent variable was balance-equipment condition: BOSU trainer, Airex balance pad, half-foam roller, and DynaDisc. The depen-dent variables were mediolateral (ML) displacement, anteroposterior (AP) displacement, COP area defined using the 95th-percentile ellipse area (cm 2 ), and average sway velocity (cm/s).
Participants
Fifty-seven physically active subjects (34 male, 23 female; leg dominance: 54 right, 4 left; age 20.9 ± 1.5 y; height 172.0 ± 9.6 cm; weight 73.8 ± 13.2 kg) participated in this study. All participants engaged in physical activity at least 3 times per week for 30 minutes or longer and were in good general health. Subjects were excluded from the study if they self-reported any known balance impairment including but not limited to concussion, inner ear infection, vertigo, or uncorrected vision impairment. They were also excluded if they had suffered a lower extremity injury within the last 6 months or had had any previous lower extremity surgery. The university's institutional review board approved the study, and informed consent was obtained from all subjects before data collection.
Instrumentation
Balance difficulty was assessed using the AMTI AccuSway Plus balance platform (Advanced Mechanical Technology Inc, Watertown, MA). The dependent variables were calculated with Balance Clinic software (Version 1.0, Advanced Mechanical Technology). Displacement values for the ML and AP directions were calculated by subtracting the maximum from the minimum. Reverse coding for the x-axis was used for the 4 left-leg-dominant participants. Thus, for all participants the following was true: x-= medial, x+ = lateral, y-= posterior, and y+ = anterior. Therefore, positive values of ML and AP indicated lateral and anterior displacement, respectively. COP area was calculated using the 95th-percentile ellipse area arising from the foot-force-plate interaction. The 95th-percentile ellipse plot displays the COP data overlaid with the 95th-percentile ellipse relative to the centroid of the COP data. This represents the surface area covered by the trajectory of the COP and represents the magnitude of COP variability. Therefore, greater balance is achieved with a smaller COP area. Average sway velocity was calculated based on the path length per unit of time (cm/s). Shorter path length for a given time period would result in greater balance due to decreased sway. Force-platform data were sampled at 100 Hz. 13 No manufacturer recommendations could be found for inflation height or pressure for either the BOSU trainer or the DynaDisc. Manufacturers of the DynaDisc state, "Changing the amount of air (which is easily done with a traditional ball needle and pump) in the DynaDisc will change the level of intensity and the range of motion experienced." 14 For this study, the BOSU trainer was filled with air to a vertical height of 22.4 cm from the ground using a traditional needle and electric pump (Gamecraft Economy Electric Inflator). The DynaDisc was filled with air to a height of 10.7 cm from the ground. Both measurements were taken with the device leveled using a round-style bubble level and a yardstick resting across the device to measure the highest point. Before starting data collection each day, these heights were measured to ensure consistency. Height measurements for both devices were taken with the device resting in a level position on a tile floor, and these inflation values were based on our previous experience.
Procedures
Participants reported to the athletic training laboratory and were familiarized with the study design and datacollection procedures. They read and signed the informed consent and completed the preparticipation questionnaire detailing height, mass, leg dominance, previous lower extremity injury, and any known balance impairments.
COP data were collected by having the subject place the dominant, nonshod foot on the center of the force platform. Position of the foot in the center of the platform was visually verified by the researcher. Subjects were asked to place their hands on hips and flex the opposite hip/knee to a self-selected, comfortable position so that the foot was approximately 6 in off the floor and not in contact with the stance leg ( Figure 1 ). Participants were instructed to look straight ahead during the test-to standardize the visual influence on balance-and remain as motionless as possible. Data were collected for 20 seconds while the participant remained in the test position (single-leg BESS stance). 15 No practice trials were allowed for any of the baseline or data-collection trials. Each participant first performed 2 baseline trials, with 30 seconds rest between trials, by standing directly on the force platform ( Figure  1 ). Once successful baseline trials were collected, data collection on the different balance devices began with 30 seconds rest allowed between trials (Figures 2-5) . A predetermined, randomized order was generated using Microsoft Excel (2010) to determine the order of balance devices (BOSU trainer, Airex balance pad, half-foam roller, and DynaDisc). Following the randomization order, the described protocol was followed until each subject completed 2 successful trials on each device. Subjects failing to remain in the test position were given 5 attempts for each device to achieve a successful trial. Criteria for failing to remain in test position included lifting hands off the iliac crests, touching the ground or force platform with the nonstance limb, or moving the hip into more than 30° of flexion or abduction. In the event that a subject failed after 5 attempts, all of the data for that individual were removed from analysis. Three subjects failed to complete 2 successful attempts on 1 or more devices, dropping our N from 60 to 57 (1 failed on the BOSU, 1 failed on the half-foam roller and DynaDisc, and 1 failed on all 4 devices).
Each balance device was carefully placed by the researcher in the center of the force platform and, if necessary, repositioned after each attempt. Both the BOSU trainer and the half-foam roller were placed with the convex surface in contact with the force platform. Participants placed their foot parallel to the length of the half-foam roller to allow movement in the frontal plane. The DynaDisc was placed with the pegged side down with the subject balancing on the smooth surface.
Statistical Analyses
Descriptive statistics were calculated for the dependent variables. A 1-way repeated-measure ANOVA was used to compare the effects of ML and AP displacement for the baseline and 4 balance devices. Pairwise comparisons were used post hoc to determine significant differences between the conditions. A 1-way repeatedmeasure ANOVA was applied to compare COP area and average sway velocity based on the 4 conditions. To help control for individual variations in balance, the differences from each individual's baseline for COP area and average sway velocity were calculated and used as the dependent variables for each condition. Averages for the 2 successful trials were calculated for each individual's baseline and the 4 test conditions. Scores for the 4 test conditions were standardized for each participant by subtracting the test-condition average from the baseline average, with the resulting values used for the analyses. The alpha level was set a priori at P < .05. Pairwise comparisons were used post hoc to determine significant differences between the 4 balance devices. In addition, effect-size estimates were calculated based on the method of Cohen for any differences observed and 95% confidence intervals (95% CI) were reported. 16 Cohen d 16 effect size for pooled standard deviation was used for strength of effect size (small = 0.2; moderate = 0.5; large = 0.8). Statistical analyses were conducted using PASW (version 18.0, SPSS Inc, Chicago, IL).
Results
Descriptive statistics for COP displacements are presented in Table 1 , with the ANOVA results in Table 2 . The means and standard deviations for COP area and average sway velocity are presented in Table 3 , with the ANOVA results in Table 4 . There was a significant main effect for balance condition on ML displacement (Wilks Lambda = 0.59, F 5,52 = 9.07, P < .001) but not for AP displacement (Wilks Lambda = 0.93, F 4,53 = 1.03, P > .05). ML displacement was significantly greater for the BOSU trainer than the baseline condition (P < .01, effect size = 0.76, 95% CI = 0.38-1.14) and half-foam roller (P < .05, effect size = 0.55, 95% CI = 0.18-0.92). ML displacement was also significantly greater for the DynaDisc than baseline (P < .05, effect size = 0.58, 95% CI = 0.21-0.96). There was a significant main effect for balance condition on COP area (Wilks Lambda = 0.29, F 3,54 = 44.09, P < .001). COP area was significantly greater for the BOSU trainer than the Airex balance pad (P < .001, effect size = 1.71, 95% CI = 1.28-2.14), half-foam roller (P < .001, effect size = 2.08, 95% CI = 1.63-2.54), and DynaDisc (P < .001, effect size = 1.56, 95% CI = 0.21-0.96). COP area was also significantly greater for the DynaDisc than the half-foam roller (P < .001, effect size = 1.27, 95% CI = 0.86-1.67).
There was a significant main effect for balancecondition average sway velocity (Wilks Lambda = 0.21, F 3,54 = 66.72, P < .001). Average sway velocity was significantly greater for the BOSU trainer than the Airex balance pad (P < .001, effect size = 2.20, 95% CI = 1.74-2.67), half-foam roller (P < .001, effect size = 2.67, 95% CI = 2.16-3.17), and DynaDisc (P < .001, effect size = 2.12, 95% CI = 1.66-2.58). Average sway velocity was also significantly greater for the DynaDisc than the half-foam roller (P < .001, effect size = 1.18, 95% CI = 0.78-1.58).
Discussion
The purpose of this study was to compare the level of difficulty of 4 commonly used rehabilitation devices. The results suggest a progression in the level of difficulty based on COP area and average sway velocity. Progressing from least difficult to most difficult, our results suggest using either the half-foam roller or Airex Balancepad, followed by the DynaDisc and BOSU trainer. We hypothesized the devices would provide varying levels of difficulty and believed that the BOSU trainer would provide the least stable environment.
Previous research has shown improvements in balance after prescribed training, 6, 10, [17] [18] [19] but no suggestions for progressing a patient using different equipment have been provided. Modes of equipment vary in their difficulty and how they are used. There are many different ways to increase the difficulty of a given device (ie, eyes closed, upper or lower extremity drivers, etc). Using a variety of equipment can help keep patients motivated while challenging the sensorimotor system in a slightly different way. Health care professionals who prescribe balance-training progressions often use intuition and previous experience with balance platforms to determine the proper sequence of training.
The effectiveness of using balance activities that involve static and/or dynamic exercises to reduce the incidence of acute injuries has been previously demonstrated. [5] [6] [7] Balance activities that promote feed-forward and feedback neuromuscular control are often used by rehabilitation professionals to treat lower extremity injuries and have been shown to reduce the risk of recurrent ankle sprains. 3 However, sequencing the activities to provide a progressive overload to the neuromuscular system is important to strengthen these gains. The body relies on constant afferent information and must quickly integrate information regarding joint-position sense, vision, and the vestibular system to maintain balance. As afferent pathways are strengthened and a coordinated response is generated, reflex loops are established and dynamic stability improves. 20, 21 Therefore, a carefully sequenced balance program that progressively stresses the reflex loop will continue to strengthen the body's neuromuscular system. Freeman et al 12 first proposed that balance and coordination activities could be used to treat patients after ankle-ligament injury. Damage to the afferent mechanoreceptors after injury was believed to cause the decrease in neuromuscular control.
Our displacement results showed that participants tended to maintain their balance in a slightly lateral and posterior direction. The BOSU caused significantly greater lateral displacement than baseline balance and the half-foam roller, with a moderate effect size. Despite the half-foam roller's only allowing displacement in the ML direction, it caused the least amount of ML sway of the 4 tested devices. Similarly, the DynaDisc showed a significantly greater lateral displacement than the baseline condition, with a moderate effect size. No differences between any of the conditions were noted for AP displacement. Guskiewicz and Perrin 22 state that healthy athletes should maintain their COP very near the AP and ML midlines. Our findings suggest that air-filled balance devices like the BOSU trainer and DynaDisc stress an individual's ML displacement to a greater degree than in the AP direction.
The results of this study suggest an option for increasing the level of difficulty during balance training using commonly available rehabilitation equipment. Our results showed a significant difference in the difficulty levels of the BOSU trainer and the DynaDisc compared with the Airex balance pad and half-foam roller. Furthermore, the effect sizes for these differences represent a meaningful clinical difference between the devices, and this was verified by the fact that none of the 95% CIs crossed zero. It is likely the air in the BOSU trainer and DynaDisc results in a much less stable base of support than the more densely constructed balance pad and half-foam roller. Furthermore, adjusting the air inside the devices can allow clinicians to change the difficultly without needing additional equipment.
Based on previously established research, it is recommended that balance training begin in a bilateral stance on a stable surface. 23 Activities should progress to tandem and unilateral stances on stable surfaces while attempting to alter the visual, vestibular, and somatosensory systems. 23 As the clinician progresses the individual into unilateral training using equipment, our results would recommend starting with either a half-foam roller or a foam pad. When the patient has established good stability on these devices, the clinician can determine if the patient is ready to begin balance training on the DynaDisc and eventually on the BOSU trainer. However, due to the large effect sizes for the BOSU trainer and DynaDisc, the clinician should use caution when making the transition from foam pads and half-foam rollers to ensure that the patient is prepared for the increased difficulty. This study has several limitations. First, we only tested 4 balance devices using a single-leg eyes-open stance. From our data, we have no way of knowing how double-leg stances on each device would compare with single-leg stances on the same equipment. Second, we acknowledge that some data may have been excluded in our final analysis as we decided to throw out all data of subjects who could not complete 2 successful trials after 5 attempts on a given device. We believe, however, that this loss of data would not have a significant impact on our final analysis, as only 3 subjects were excluded due to their inability to complete a trial. Third, this study only evaluated the difficulty of the devices and does not provide objective criteria for when to progress patients from one device to another. Until future research is conducted, clinicians still need to base this progression on their previous clinical experience and expertise. Future studies should investigate other commonly used rehabilitative balance devices and include both double-leg and single-leg tasks. Trials should also be conducted on injured subjects during each phase of rehabilitation after various lower extremity injuries. It is possible that different devices may be more difficult with different injuries.
Conclusions
Proper sequencing of balance training is an effective means to prevent [5] [6] [7] [8] [9] [10] and rehabilitate injuries. 3, 4 This study suggests a progression of balance training using 4 commonly used rehabilitation devices. Significantly higher COP area and average sway velocity were found for the BOSU trainer and the DynaDisc than the Airex balance pad, or half-foam roller. Significant differences were also found between the DynaDisc and the half-foam roller for both COP area and average sway velocity. Clinicians can use the results of this study to help decide how to progress a patient through balance training.
